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SUMMARY

A submerged alr scoop consisting essentislly of a conventional
scoop locsted in a dimple In the fuselage surface has been investigated
preliminarily at low speeds. The 1nlet hed an entrance width-height
ratio of about 3.7 and a steep approach ramp (l9° at the entrance) which
provided a short and compact installation., The internal and external
flow characteristics of the basic inlet without boundary—layer control
were studied by means of pressure and tuft surveys over & wide range of
Imet—veloclty ratio, Studles were then conducted to determine the
effects of boundary-layer control, suctlon—slot locatlon and model
configuration, and varlatlions of boundary—layer thickness on inlet
performance, A self—eactivating boundary—layer bypess was lncorporated
in the flnsl arrangement tested. An indicetlon of the extermel drag
wag obtalned by wake surveys downstream of the scoop and by pressure
gurveys in the boundary—layer suctlion flow,

In the presence of a thin initial turbulent boundary layer repre-—
sentative for a fighter airplane in the high-speed high-altitude flight
condition, the peak total-pressure recovery at the end of the 2:1 area
retio diffuser of the basic inlet without boundsry-lsyer control was
83 percent of the free—stream dynamic pressure end occurred at an inlet—
veloclty retio of 1.1. Applicetion of boundary-layer control increased
the pressure recovery markedly over the entire inlet-—velocity—ratio range
and shifted the peak pressure recovery to a much lower value of inlet—
velocity ratio. In the final arrangement tested, a suction quantity
of 11.7 percent of the entering flow produced calculated increases in
maximum net thrust of 6.2 percent or greater and calculated reductions in
gpecific fuel consumption of 3.1 percent or greater (compared to the
besic inlet without boundary—layer control) for a typical jet—engine
installation operating at a flight speed of 600 miles per hour. It
appears that the flow instability frequently encountered in the case of
twin Internally coupled inlets will be avoided with this arrangement for
design high-speed inlet—velocity ratios as low as 0.5.

lsupersedes recently declessified NACA RM L50A13, 1950.

*
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Appreciable lncreases in the thickness of the initlal boundary
layer caused significant decreases in inlet performance whlch cannot be
overcome sgimply by increasing the suction quantity. Hence, the inlet
appears desirable for applicatlion only at forward locations on the
fuselage where the boundaery layer is relatively thin.

INTRODUCTION

In modern thin-winged fighter alrcraft, equlpment such as the rader
scanmner and gurs must be located on the fuselage nose. This placement
of equipment fregquently rules out the nose inlet and necessitates the
use of elther the wing—root inlet or the fuselage scoop. The submerged
verslon. of the fuselage scoop, the subject of this paper, ls of interest
in such casea because installation usually can be accomplished without
increasling the frontel aree or changing the basic lines of the body and,
presumedly, without increasing the drag of the body importently. A
gecondary advantage of the submerged scoop is that the ingestion of
foreign materlal into the ducting is reduced as compared to other types
of inlets by externmal inertis separation.

A sstisfactory intermal—flow pressure recovery 1s more dlfficult
to achleve with a submerged inlet than wlth a conventlonal protruded
inlet for two reasons: (1) the submerged approach ramp tends to confine
the boundary layer approaching the entrance and to prevent it from being
swept outboard around the entrance, as happens t¢ an important extent in
the case of the protruded inlet (see reference 1); and (2) the flow
ahead of the entrance must turn Inward where the floor of the approach
ramp dlverges from the bamlc fuselage contour. This turning of the
flow decreages the surface pressures in this reglon and thus, by
increasing the magnitude of the over—sell pressure rise along the ramp,
causes the boundary layer on the ramp to thicken more rapidly and to
separate farther upstream than in the case of the protruded Inlet. The
increased flow veloclty in this reglon also may cause important decreases
in Internal—flow pressure recovery due to boundary-—laysr—shock inter—
actlon at free—stream Mach numbers appreclably lower than those for the
protruded inlet.

One type of submerged Inlet, described in references 2 and 3, has
been Investigated previously by the National Advlsory Committee for
Aeronsutics. This inlet has an epproach ramp which dlverges from the
basic fuselage surface st an angle of sbout 7° and is bounded at the
sides by trumpet-shaped walls which are approximstely perpendicular to
the fuselage surface, As described in reference 3, vortices originating
at the tops of these ramp walls prevent most of the boundary layer
outboard of the ramp walls from entering the ramp in the high-speed
range of inlet—veloclty ratlo. Thus, as in the case of the protruded



NACA TN 3437 3

inlet, a large proportlon of the fuselage boundary layer bypasses the
entrance in this range of inlet—velocity ratio. As stated in refer—
ence 3, the effectivenegs of this self-aectivating boundary—layer
control decreases as the inlet—yeloclity ratio 1s lncreased to values
typical for climbing flight because a large proportion of the vortex
flow then enters the inlet.

A second type of submerged inlet 1s the subject of the present
investigation. Thils inlet, deslgnated & submerged scoop, congists
esgentially of a conventional scoop located in a dimple in the fuselage
surface deep enough to permit complete submergence of the elr inlet and
wide enough to provide "gutters" on each side of the scoop. If a large
proportion of the remp boundary lsyer can heo made to bypass the entrance
through these gutters, this arrangement, in the absence of shock waves,
should provide internal—flow pressure recoveries only slightly lower
than those obtained wlth conventlonal protruded inlets,

Inasmuch as a sultable high-—speed facility was not immediately
avallable for this type of resesrch, the present preliminsry phase of
the investigatlon was conducted at low speeds in the %%-—scale model of
the Langley full-scale tunnel, which is described in reference 4. The
results obtalned obviously are directly aepplicable only to subcritical
Tlight Mech numbers. Large changes in the performance characteristics of
the inlet might occur at flight speeds appreciably exceeding those corre—
sponding to the initial attainment of sonic velocity on the approach
remp.

The model was Installed in a groundboard curved in the transverse
direction to simulate the side of & typicel fuselage. The test inlet
hed a width-helight ratio of about 3.7 and incorporated & steep approach
remp (19° at the entrance) which provided a short and compact instal—
lation et the expense of an increage 1n the magnitude of the negative
pressure peek at the start of the approach remp. The internal and
external flow characteristics of the basic inlet wlthout boundary-layer
control were studied by means of pressure and tuft surveys over a wide
range of inlet—velocity retio. Studies were then conducted to determine
the sffects of boundary—layer conbtreol, suctlon—slot location, model
configuration, and variastions of boundary—layer thickmess on inlet
performance. A gelf-activating boumdary—layer bypass was Ilncorporated
in the final arrangement tested. The benefits obtained by the use of
boundary-layer control are discussed quantitatively in terms of the
performance of a typlcal jet—engine installation. '

External drag could not be determined directly in the present tests
because of the cobvious limltatlons of the experimental apparatus. An
indication of the drag characteristics of the inlet at subcritical speeds
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wag obtained, however, by meang of weke surveys downstream of the scoop
and by pressure surveys in the boundary—layer suctlon flow.

SYMBOIS
Cp drag coefficlent ( Drag
Aoh1

Cq suction—flow coefficient based on boundary—lsyer thickmess

20 inches ahead of scoop llp Us

Vo5%b
Cq_ suction—flow coefficlent baged on inlet area of main duct
Qs Qs <Vi)
1Yo Q3 \Vo
Q.
Vy/Vo inlet—velocity ratio
AL
A ares
b gpan of suctlon slot
H total pressure
H! boundary—layer shape parameter (%f-
h inlet height of bourdary-layer slot
M. predicted critical Mach number
P statlic pressure
D - po
P gtatic—pressure coefficlent
%

Q volume rate of flow

a dypnemic pressure (% pVE)
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v flow velocity
x digtance parsllel to surface of. fuselage (see table I;

station O corresponds to lip leading sdge of configuration I)
¥y distance from plane tangent to fuselage at center line of inlet

(See table I.)
! distance meagured perpendicular to surface
Z distance from plane of symmetry of inlet (See table I.)
o) mass density of alr
5 total thickness of boundary layer

® v
& displacement thickness of boundary layer (l —'§r> dy?!
0 b
s
6 momentum thickness of boundary layer X - X dy*
V- v
0 'b b

Subscripts: -
av average value weighted according to mass flow 1n case of main

duct and according to area in case of suction ducts
b point Just outside boundary layer
d end of diffuser of main duct
1 point of minimum area nesr entrance of main duct
o free gtream
8 boundary—layer suction flow
1 guction slot in ramp shead of entrance
2 suction slot In duct floor downstream of entrance
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APPARATUS AND TESTS .

A schematic dliagram of the test setup ls shown in figure 1 and
views of typlcal scoops are shown in figure 2, ILine drawlngs comparing
the gix scoop conflgurations are presented as figure 3; details of the
boundary-layer—removal systems are glven in figures 4 and 5; and surface
ordinates are given in tables I and II. -

The minimum areea near the entrance of the main duct was 25.1 square
inches for configurations I, II, and ITT and 24.7 square inches for
configurations IV, V, and VI. The measurlng station in the inlet wes
located in the diffuser 3.4 inches downstream of the lip. The upper .
and lower walls of the interhal diffuser diverged at an included angle :
of 6° from the minimum-grea station .to an area of L49.7 square inches at
the rear mesasuring stetlon so that an ares—expansion ratio of about 2
was provided. '

The intermal—flow system (fig. 1) included an axial—flow fan and a
butterfly—type valve in the main duct and in sach boundery—layer—removal
duct to permit testing over wlde ranges of flow rates. The quantlity of
internal flow in each duct was meagured by means of a calibrated
venturi. In the final configuration tested, & part of the boundary—
layer suction flow was not carried outside the tunnel but was ducted to
exits at the sldes of the scoop, as might be desirable in an actual
installation. (See figs. 2(d), 2(e), and 5.) 1In this case, the suction
Plow was determined from the readings of tobtal-pressure and static—
pressure tubes located Just Inside the exits of the bypass ducting. T
(See rig. 6le).) -

Pressures at the entrance and end of the dlffuser of the main duct =
and at the ends of the dlffusers of the boundary—layer slots were
measured by means of the.rakes of total—pressure and steatic—pressure
tubes loceted as shown in figure 6. The inlet reke of the maln duct
was always removed when pressures were measured at the end of the diffuser
of this duct. Surface pressure measurements were obtalned by the use
of flush orifices. Boundery-layer surveys shead of the inlet were
conducted by using a totel-pressure and static—pressure probe suspended
from a rigld frame above the test mection. The total~pressure tube in
this probe was of 0.0LO—inch—outside—diameter tubing (0.002—inch wall
thickness) flattened go that the over-all thickmness of the front end of
the tube was 0.012 inch, A micromester screw at the top of the boundary—
layer—probe support strut permitted accurate positioning of this total—
pressure tube with respect to the surface.of the model. The static—
pressure tube in the probe was located 1/2 inch sbove the total—pressure
tube. Boundary—layer surveys downstream of the scoop lip were made by
the use of rakes of total-pressure and static—pressure tubes shown in
figure 2(b). i

<



NACA TN 3437 7

A1l pressure measurements on the model were recorded by photo—
graphing a multitube manomster. The differentisl presssures of the
several venturls and the survey-—probe pressures were read visuslly from
micromanometers. Tufts were used to observe the directlion and stability
of the flow. DPlexiglass windows were lnstalled at several points in
the ducting to facilitate observatlon of the flow within the diffuser.

Each of the inlet configurations was investigated in conjunction
with one or more of the turbulent boundary layers 20 inches shead of
the scoop lip shown in figure 7. Boundary layer A was the boundary
layer on the groundboard surface wlthout artificial thickening,.
Boundary layer B, which 1s consldered to be approximately representative
of full-scale conditions Jjust ahead of the wing of a fighter airplane
in the high-speed high-altitude fillght condition with regard to its
thickness relative to the inlet height, was obtained by shellacking a
9—inch~wide band of coarse sand to the groundboard surface 40 inches
ahead of the scoop lip. Boundary layer C, which was tested to determine
the effscts of locating this type of inlet 1n a region of thick boundary
layer, was obtained by laying turbulence rods transversely on either
gide of the sand strip used to generate boundary layer B. The displace~—
ment thicknesses &* of the three boundary layers et station 20
were 0.073, 0.085, and 0.169 inch in alphsbetical order. The corre—

sponding shepe parameters H! = %;- were 1.36, 1.29, and 1.24, as

compared to the value of 1.286 for the %-—power varistion.

All tests were conducted at a tunmel speed of about 100 feet per
gecond which corresponds 10 a Reynolds mumber of aspproximately l.h X 102
based on the lnlet helght.

RESULTS AND DISCUSSION

The quantity of boundary-layer suction flow usually is expressed in
Qs

Vo o%b’
This coefflclient has physical significance in that it is the ratio of

the quantity of flow entering the suction slot to the quantity of flow
dlsplaced by the boundary layer at station —£20 over a transverse distance
equal to the suction—slot span b. The value of this coefficient required
to obtaln a glven total-—pressure recovery in the main duct would be
expected to remaln nearly constant over a broad rangs of initial boundary—
layer thickness. The ratlo of the quantity of suction flow to the Fflow
quantity of the main duct may be readily determined by converting the

the present paper in terms of the suction~flow coefficient CQ =



8 NACA TN 3437

Qs ‘.
form of flow coefficient from Cg to the equivalent value of Cq = IEVE
by use of figure 8., For an inlet—velocity ratio of unity, the value
of Cq glves the flow ratio Qq/Qg directly; for other inlet—velocity

Qs _ Ca

V1 /Yo

All resgults discussged are thosge obtalned with initiasl boundary
layer B (fig. T7) unless otherwlse noted. In the cage of arrangements -
using two boundery—layer suctlon slots 1n tandem, the downstream slot -
always wag falred out 1f a suction—flow coefficient is given for the
upstream slot only.

o

ratios

Study of Basic Inlet Without Suction

Flow along ramp and duct bottom.— Static—pressure distributilons
along the center line of the ramp and duct bottom of slotless configu—
retion T (figs. 2(a) and 3) are shown in figure 9{a). The negative
presgure peak in the reglon of substream pressure required to turn the
flow ahead of the entrance occurred sbout L4 inlet helghts ahead of the
gcoop lip. This negative pressure pesk increased in value from —0.15q,

to —0.30q, and moved slightly aft as the inlet—welocity ratio was

increased from 0.31 to 1.54. Downstream of this negative pressure peak, .
the surface pressure increased to a point l%-to 2 inlet helghts ahead
of the scoop lip as the flow diffumsed along the ramp and themn changed y

raplidly to the entrance pressure which was determined by the inlet—
velocity ratio, the inlet—velocity dlstribution, and the total-pressure
losses ashead of the inlet, '

Static—pressure digtributions in the velley epproaching the inner _ _
corner of the inlet and along the edge of the dimple are presented 1n _
figures 10(a) and 11(a), respectively. In each case, the negative '
pressure peak near the crest of the ramp off the center line never
oxceeded that at the ramp center line. The pressures in the valley near
gtation O were much more negative at the higher inlet—velocity ratios
than those at the ramp center line because of the large Ilnduced
velocities at the inner side of the scoop lip. (See fig. 12{(a).)

At inlet—wvelocity ratios below about 0.5, tuft observations showed
that the boundary layer on the approach reamp separated shead of the

inlet somewhat downstream of the stations where the surface pressure B
Vv

distributions flatten out. (?ee distribution for Vl = 0.31, fig. 9(a))
o

As the inlet—velocity ratio was increased, the point of separation



NACA TN 3437 9

moved progresslvely downstream and passed the measuring station at the
end of the diffuser at an inlet—velocity ratio of about 1.0. The flow
into the Iinner cormer of the 1nlet was observed to be apprecisbly
rougher than the entering flow at the center line., Tuft observatlions
showed that this roughness was caused mainly by some of the boundary
layer outslde the span of the inlet flowing down the approach valley
and entering the inlet rather than passing outboard through the gutter
as was desired. .

The boundary—layer thickness at the center line of the entrance
measuring statlon decreased rapldly with increases in inlet—velocity
ratio as the point of initlal-flow separation moved downstream along
the ramp and duct bobttom, figure 13(a). An inlet—velocity ratio
greater than 0.6 was requlred to obtain amn H' value as low as 2.6,
the approximate upper limiting value for unseparated flow. (See
reference 5.)

Total—pressure recovery.~— The average total-pressure recovery at
the entrance measuring statlon increased rapldly with inlet-—welocity

v v

ratio from 0.67qq at v-_—i = 0.26 to 0.88q, at T-I-‘i = 0.75, as the
o o

ramp boundary layer thinned rspidly, and then Increased more slowly

v
to 0.92q, at ;i- = 1.54, (See fig. 14(a).) The average total~
o]
pressure recovery at the end of the diffuser likewlse increased from a
value of 0,53q, at an inlet—velocity ratio of 0.26 to a value
of 0.83qp at an inlet~velocity ratio of about 1.1, but then dropped

off again with further lncreases In inlet—velocity ratioc because of an
increase in the diffuser losses.

Extermal flow.—~ The surfece pressures at the edge of the dimple
aft of the scoop lip (fig. 11(a)) generally were more negative than the
surface pressures in the Intersection of the scoop llp with the gutter
floor (fig. 12(a)). As a result, the boundary layer on the floor of
the gutter tended to flow outward over the edge of the gutter at all
inlet—velocity ratios.

Tuft obessrvatlons showed that the approaching flow was approxi-—-
mately alined with the base, top-center—dine, and top—corner sectlons
of the scoop lip at Inlet—welocity ratios of the order of 0.5. At
higher inlet~veloclty ratlos, the flow approached these sectiong from
the outsids at an angle which Increased gradually with lncreases in
the inlet—velocity ratio. The top portion of the scoop lip, figure 3(a),
wag well sulted to thils flow pattern since 1t incorporsted reverse
camber and a thick intermal fairing.,
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Comparison of Arrangements Utilizing
Boundary-Layer Control

Inasmuch as the internal-flow pressure recoveries obtained with
configuration I were undesirebly low, a study of arrangements utilizing
boundary—layer suction to obtaln increased pressure recovery was
undertaken.

Configurations TT and ITIT.— In configuration IT, a flush suction
slot shaped in accordance with the principles of reference 6 was in~
stalled in the approach ramp 3.82 inches (1.40 inlet heights) shead of
the scoop lip. This slot (figs. 3 and &) was similer to that 1llus—
trated in figure 2(a) and had a width of 0.187 inch and’'a span of
14 inches compared to the emtrence width of 10 inches. The location of
the suction slot corresponds approximately to the most forward separation

v
polnt obgerved for slotless configuration I for FL = 0.k,
o

The original version of configuration III, figure 2(a), was identical
to that for confilguration II except that the suctlon slot was locatbed
5 inches (1.83 inlet heights) ahead of the scoop lip. In the course of
preliminary tests, however, 1t was found necessary to relleve the central
portion of the ramp ahead of this slot end to extend the center of this
slot lip forward to 5.2 inches (1.90 inlet helghts) ahead of station O
(thue providing a submerged scoop-type slot at the center line) in order
to obtain reasornable spanwlse unlformity of the suctlion flow at the lower
suction—flow coefficients. (See figs. 2(b), 3, and 4.) At the same tims,
the gpan of thls slot was reduced to 12,24 inches, inasmuch as this small
reduction in span had no measgureble effect on the inlet flow, and the
gutter was deepened a small emount (fig. 3} in an attempt to improve the
flow into the cornersg of the inlet. The camber of the scoop lip also
wag increased positively (fig. 3(a)) to allow for the change in flow
direction at the lip that was observed to occur when boundary—layer
control was gpplled to the ramp.

The application of boundary—layer suctlon to the approach ramp
caused large increases in static pressure and large decreases in boundary-—
layer—displacement thickmness downstream of the suction slot at the lower
inlet—velocity ratios. (Compare results for configurations I and ITI,
figs. 9 end 13(b).) In both configurations IT and ITY, a suction—flow
cosfficient of about 0.7 was required to obtaln & reasonably uniform
flow inte the suction slot. As 1llustrated for configuration IIT in
figure 15(a), & suction—flow coefficient of 0.8 caused large increases
in the average total-pressure recovery at the end of the diffuser as
compared with the recoveries for slotless configuration I (about O.lg,

at a typical high-gpeed inlet—velocity ratio of 0.6). Above this value,
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the average total—pressure recoverles at the inlet and end of the
diffuser continued to increase with further increases in suction—flow
coefficlent, but at a decreasing rate. Doubling the suction—Fflow coef—
ficient produced an additiomal Incresse of only about 0.03q, at the

end of the diffuser at :—;-l = 0.6; however, the minimum inlet—velocity
o

ratio for the same total-—pressure recovery was reduced to about 0.48.
The Increases in total—pressure recovery obtalned by use of the suction
were large at the lower inlet—veloclty ratlos, but were small at inlet—
velocity ratios equal to or greater than 1.0, for which the entering
boundary layer for slotless configuration I was already thin and unsep—
arated. (See fig. 13(a).) It is noted that the total—pressure recov—
eries given for the inlet of configuration IIT at inlet—velocity ratios
above 1.0, which are shown to be less than those for slotless config—
uration I in some cases, are believed to be lower than the true values.

At the meximum suctlon—flow coefficients investigated (1.5 for
configuration IT and 1.6 for configuration ITT),the average total-—
pressure recoverles at the Inlets of configuratlions IL and ITIT were
about equal. (See fig. 1i(a).) The average total-pressure recoveries
at the end of the diffuser of configuration ITT were somevwhat larger

than those for configurstion IT (?.tho at ;i-= 0.6}. It is believed
o .
that the lower recovery for configuration IT resulted from a break in
the duct floor at station 0.51 (fig. 3(a)) which may have caused flow
geparation; this break was faired out with a larger radius in configu—
ration IIX. The near equality of the entrance total-pressure recoveries
shows that the two suctlon slots were about equally effective and that
the pressure—recovery characteristics of this type of inlet are not
critically sensitive to small variations in suction—slot location.

Tuft observations of configurations IT and ITI showed that neither
suction slot was effective in eliminating the flow roughness &t the
inner cormers of the Iinlet which had been observed in the flow studiles
of configuration I. In each case some of the boundary layer outboard
of the slot ends was drawn into the slot. Some of the boundary layer
gtill further outboard then flowed into the ramp and entered the inlet.
Additional arrangements were investlgaeted, therefore, to determine 1f
the rough flow into the cormer of the inlet could be elliminated by
changes in the scoop configuration., Inasmuch as the average total—
pressure recoveries measured in the suctlon slots after diffusion,
figures 16{a) and 16(d), were undesirably low, all succeeding suction
slots were degsigned for lower slot Inlet—velocity ratlos. Raised
scoop—=type slots were used in mogt cages in an attempt to recover a
larger percentage of the dynemic pressure in the boundary—layer flow.
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Configuration IV.— In configuration IV (figs. 2(c), 3, and &),
the point of dlvergence of the ramp from the basic fuselage contour was
varied in the transverse direction from the original position at the
center line to about half the original distance shead of the entrance
at the ends of the scoop. As shown in figure 2(c) the divergence of
the crest lines of the revised dimple was similar in shape to the
divergence of the ramp walls of the submerged inlet of references 2
and 3. The present arrengement differed greatly from this submerged
inlet, however, in that the surface was smoothly falred at all points
and that the divergence terminsted at the edges of the original dimple
outboard of the gscoop ends rather than at the scoop ends themselves.
It was hoped that this chenge in dimple shape would provide transverse
gradients between the positive pressures at the center line of the ramp
end the negative pressures along the ramp crest llnes shead of the scoop
ends large enough to cause most of the ramp boundary layer to flow around
the ends of the scoop at low inlet-welocity ratios.

With boundary layer A, the average total-pressure recovery measured
at the end of the diffuser of configuration IV with a suction—flow coef—
ficient of 1.7 was higher than that for configuretion III with & suction—
flow coefficient of 1.6 at inlet—velocity ratios below O0.7. (See
fig. 14(b).) Tuft observations at and below this value of inlet—velocity
ratio showed that the flow separated from the dimple crest 3 to 5 inches
on each side of the center line and that strong vortices originated at
the points of flow separation. These vortices, which were similar to
those observed for the NACA submerged inlet (reference 3), entrained large
emounts of boundary layer from the ramp floor, passed down the gutters,
and then drifted outboard into the flow above the fuselage surface. It
was found possible to fair over the outer quarters of the suction slot
(thereby reducing the over—all suction guantity by one-half) without
affecting the pressure recovery at the end of the diffuser.

The total—pressure recovery for configuration IV was less than that
for configuration IIT in the higher range of inlet—velocity ratio,
figure 14(b). Also it appeared that the vortices shed at low Inlet—
velocity ratios might cause large Increments in pressure drag on the aft
portions of the fuselage and wing in the high-speed flight condltlon.
The drag of these vortices could not be evaluated 1in the present setup;
further investigation of thls arrangement wasg therefore discontinued
pending the obtaimment of drag date in future complete—model tests.

Configuration V.— In configuration V (figs. 2(d), 2(e), 3, and k)
the ends of the scoop were slanted forward to the lip of a raised .
scoop—type boundary-layer slot which was long enough to extend into the
gutters slightly outboard of these scoop lip extengions. Thils suction
slot was located 3.8l inches (1.39 inlet helghts) ahead of station O
and had an inlet heilght of 0,35 inch and a span of 11.88 inches. A
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gecond suction slot installed in the duct floor 3.09 inches (1.13 inlet
heighte) downstream of station O also was investigated to see if
addltlonal boundary—laysr removal at thls point would yield msajor gains
in pressure recovery at the lower inlet—veloclty ratios. This second
slot {fige. 2(e) and 3(a)) was a flush scoop-type slot end had a height
of 0.22 inch over the floor of the duct. The helght of the slot tapered
to 0,1 inch at the tops of the 0.5-inch—radius fillets in the bottom
corners of the duct.

Most of the gutters downstream of the scoop lip extensions were
faired out. This partial fairing out of the gutters increased the smount
of gutter boundary layer flowing over the scoop lip extensions into the
inlet. The change was considered desirable, however, because it provided
smooth flow outboard of the scoop ends and greatly reduced the amount of
fuselage surface distorted by the scoop installation. The tendency of the
gutter boundary lsyer to flow outward over the edge of the dimple was
eliminated spparently because of the changes in the surface pressures
along the edge of the dimple relative to the surface pressures at the base
of the scoop lip. (See figs. 11, 12(a), and 12(b).)

Use of the raised—scoop-type suctlon slot lncreased the surface
pressures on the ramp shead of the slofl a small amount over those
observed for the arrangements with flush suction slats. (Compare
fig. 9(b) with fig. 9(c) and fig. L0(b) with Ffig. 10{(c).) However, a
static—pressure peak existed on the 1lip of this slot for most operating
conditions, figures 9(c) and 10(c). This type of pressure peek is
characteristic of ralsed-acoop—type slots aperating st low value of slot
inlet—velocity ratio, but does not occur in the case of flush slots,
figures 9(b) and 10(b). The boundary-layer—iisplacement thickness at
the center line of the entrance was slightly greater at a typicel high—~
gpeed inlet—welocity ratio of 0.52 than those for configurations II
and ITT, probably because of the presence of this pressure peak,

figure 13(Db).

Tuft observations showed that the flow into the cormers of the inlet
of conflguration V was much smoother than that for configuration TIT.
This improvement in the flow approximstely compensated for the increased
thickness of the boundary layer enterling the center portion of the inlet.
At comparsble suction—flow coefficients, the average totsl—pressure
recoveries for configuration V with only the ramp suctlion slot operating
were slightly higher than those for configuration III at inlet—velocity
ratios above 0,7 and somewhat lower than those for configuration ITI
at inlet—velocity ratios below 0.7, figure lhi(a).

Operatlon of the second suction slot in conjunction wilth the ramp
glot caused & further Increase in the static pressures downstream of
the second slot (compare figs. 9(c) and 9(d)) and an appreciable increase
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in average total-pressure recovery at the end of the diffuser over most

of the test range of inlet—velocity ratio, figure li(c). Total-pressure

recoverlies measured at the end of the diffuser at ;i = 0,52 are pre—
0

gsented in filgure 17 as a functlon of the suction—flow coefficients of

the remp and second slots. An examination of the lines of con—

steant (Cq, + CQE) superimposed on this plot shows that the total—

pressure recovery was essentlally independent of the distribution of
suction between the two slots so long as the ramp slot was operating at
e suction—flow coefficient greater than about 1.4, apparently the
minimum velue regquired to prevent flow geparation between the two slots.
This insensitivity of the totael-pressure recovery to the dlstribution of
suctlon between the two slots prevailed over most of the inlet-—welocitby—
ratio range. (See fig. 14(c).) Thus, for a given suction quantity, no
gain in effectlveness of the boundary-—layer removal system was obtained
by the addltion of the second slot.

The average total-pressure recoverles in the ramp suction slot of
configuration V (after an area expansion of 2:1) at a suction~flow coef—
ficient of 1.7 were about O.llq, greater than those for configu—

ratlon IIT at a suctlon—flow coefficient of 1.6 over the entire test
range of inlet—velocity ratio, figure 16(d). Thege total-pressure
recoverles were not changed to & majJor extent by large increases in
suctlon—flow coefficlent or by operation of the second slot,

figure 16(b).

With a suctlon—flow coefficient of 1,7 into the ramp slot, the
total-pressure recovery in the second suctlion slot of configuration V
(also after an area expansion of 2:1) was much higher at a suctlon~flow
coefficient of 0.9 than that for the ramp slot in the high—speed range
of inlet—velocity ratio (compare figs. 16(d) and 16(e)). The total—
pregsure recovery in the second slot decreased rapidly, however, with
increases In suction coefficlent and with Increases in inlet—velocity
ratlo. In all cases, the total-pressure recovery became negatlve at
inlet~wvelocity ratlas above gbout 1l.2. The rapld decrease of the total~
pressure recovery of the gecond slot with Increasing inlet~velocity ratio
was caused apparently by the slot being located in a reglon where the
static pressure decreesed rapldly with increases in inlet-wveloclty
ratio, figure 9(a).

Inasmuch as the average total-pressure recovery at the end of the
giffuser of conflguratlion V was ebout the same as that for configu—
rgtion ITT, configuration V is considered to be definitely preferable
to conflguration ITI because of: (1) the much greater preasure recovery
in the suction flow of the ramp slot after diffusion; (2) the greater
smoothness of the extermal flow; and (3) the reduced distortion of the
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fuselage surface. The use of the second suction slot of configuration V
1s not comsidered desireble, however, because: (1) the gain in total—
pressure recovery obtalned by ite use 1s no greater than that obtained
by lncreasing the suction gquantity of the ramp slot an equal amount,

and (2) the total-pressure recovery in the suction flow entering this
glot becomes negatlve or undesirebly low at the higher inlet—~veloclty
retios which are encountered ln take—off and climbing flight.

Configuration VI.— A total—pressure recovery at the end of the
diffuser of 0.99, 1is usually considered to be the minimum value

acceptable for modern turbojet aircraft In the hlgh—speed and crulse
flight conditions. The results for configuration ¥V show that suction
quantities of 15 to 25 percent of the entering flow were required to
obtaln thls value in the high-speed range of lnlet-veloclty ratio.
Only 5 to 10 percent of the alr flow to the engine is required usually
for engine and tall-pips cooling. The problem of effliciently handling
and dlsposing the suction flow 1n excess of the amount regquired for
cooling therefore arises in the process of applylng configuration V to
an actual alrplane.

It appeared that a possible solution to this problem would be an
arrangement 1n vwhich all or part of the suctlon flow entering the ramp
slot 1s bypasssed to the fuselage surface as close as possible to the
slot Inlet as was done for a protruded scoop in reference 7. Thls type
of arrangement was investigated in configuration VI (figs. 2 to &),
which was exactly the same as configuration V except for the ducting
and exits of the ramp suction slot (fig. 5).

The suctlon—flow coefficient provided by the dbypass, figure 18,
varied from a maximum of 1.97 at the lowest inlet—velocity ratio
of 0.31 to a minimum of 0.8 at the highest inlet—velocity ratio of 1.5k,
This decrease in suction—flow coefficlent with increasing inlet—
veloclty ratio was caused mainly by the corresponding decrease of static
pressure in the reglon of the slot inlet. (See fig. 9.)

As shown by & comparilson with the results for conflguration V for
& constant suction—flow coefficient of 1.7, figure 14(d), the effect of
the varlable suctlon flow provided by the bypass of configuration VI was
to Increase the average total—pressure recoveries at the lower inlet—
veloclty ratios and to decrease these recoverles at the higher inlet—
velocity ratios. The maximum total-pressure recovery at the end of the
diffuser of configuration VI was about 0.03q, greater than that for

configuration ¥ although the suctlon coefficlents were nearly the same
for the two arrangements at the Inlet—velocity ratio corresponding to
peak recovery for configuration VI, It was found thet the pressure
recoveries obtalned wlth configuration VI were consistently higher than
thoge for configuration V at equal suction—flow coefficients. This
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difference may have been caused by a dlssymmetry in the suction flow
entering the ramp slot of configurstion VI, Tuft observations showed
that appreclably more flow entered the outer quarters of the slot than
entered in the central hslf,

The peak total-pressure recovery at the end of the diffuser of
configuration VI with only the ramp suction slot operating was 0.905qq
ag compared to O.83q0 for slotless confilguration I, and the suction

shifted the inlet—velocity ratio for peak pressure recovery from 1.l for
configuration I to ebout 0.83 for configuration VI. (See fig. 15(c).)
At this inlet—velocity ratio the suction—low coefficient for configu—
ration VI was about 1.66 (fig. 18) or about 8 percent of the entering
flow (fig. 8).

The total-pressure recovery at the exit of the bypass ducting of
configuration VI, figure 16(c), was only 0.10g, to 0.18q, over the

test range of inlet-veloclty ratio; thus, on the basis of the results
for configuration Vv, fig. 16(b), the losses in the additional ducting
used in this arrangement amounted to about 0.15q,. This loss 1s

regerded as excessive. It probably could be reduced apprecilably by
mere careful design of the bypass ducting.

Performaence of Configurations V and VI
With Boundary Layer B

Configurations V and VI are considered to be the most desirable
arrangements lnvestigated. The results obtained with these arrangements
are summarized In this section of the paper and are analyzed to indicete
the optimm design conditions and the beneflts obtained through the use
of boundary-layer control. At the present time, the over—all performance
of these inlets cannot be compared with the over—ell performence of other
types of fuselage scoops and wing—root inlets because comprehensive
external-drag data are not availlable elther for the present inlets or
for any other inlet of thils genersal class.

Total—pressure recovery.— The average total—pressure recoverles in
the main ducts and boundary—layer removal systems of configurations V
and VI are summarized in figures 15(b), 15(c), and 16. As previously
noted, the use of the second slot inside the inlet 1s not considered
desirable because of the low total-pressure recovery in the suctlon
flow entering this slot at the higher inlet—velocity ratios. However,
i1t has been shown also that the total—pressure recovery at the end of
the diffuser of the maln duct was essentislly independent of the
dlstribution of suction between the ramp and second slots so long as
the remp slot was operating at a suctlon—flow coefficlent greater than

Q
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sbout 1.4, Thus s the total—pregsure recoveries at the ends of the
maln—duct diffusers of the two—slot versions of configurations V and VI,
glven in figures 15(b) and 15(c), furnish an-acceptably accurate
Indication of the totel-pressurs recoveries that would be obtalned at
the end of the diffusers of the single—slot versions of these configu—
rations at suction—flow coefficlents greatly exceedlng the maximum
values Investigated.

It is noted in figure 15 that when sufficient suction flow was
provided to obtailn a peak total-pressure recovery at the end of the
diffuser of 0.90q, or greater, the total-pressure recovery at this

point remained above 0.85q, over a range of inlet-velocity ratio
broad enough to cover the more importent flight conditiona. It also
is noted in figure 15 that the peak total-pressure recovery at the end
of the diffuser with the maximum suctlon—flow coefficient investigated
was lower than that which would be obtained by a well-designed nose
inlet even without boundary-leyer control., The use of the present type
of inlet can be Justified, therefore, only -on the basls of a design
compromise.

The over—all induction losses measured at the end of the
diffuser of configuration V at an inlet—velocity ratio of
infinity (Vi = 100 ft/sec, V, = O) are presented as a function
of the inlet dynemic pressure in the following table:

Condition E‘:—HE
a3
Both slots sealed and faired 0.033
Both slots vented to room pressure 034
Q
L _ o.066, %2- = 0,032 .036
d

These small induction losses indicate that an auxiliary inlet (or "blow—
in door") would not be required to increase the take—off thrust of a Jet
airplane utlilizing thie type of air inlet.

Diffugion effectiveness.— The statlc—pressure recovery at the end
of the diffuser, flgure 19, is the lower limit of the total-pressure
recovery that would be obtalned after any additlonsl amount of diffusion
and also is a direct measure of the over-all dilffusion effectiveness of
the inlet—diffuser combination. As shown in this figure, the static—
pressure recovery for slotlegs configuration I was O.ll-g_0 to 0.5q, less
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than the theoretical value for uniform frictionless flow, the differences
being chargeable to the total-pressure losses and the nonuniformity of
the flow at the measuring station. The effectiveness of boundary-layer
guctlon in l1ncreasing the over-ell diffusion effectliveness lg shown by
the large lncreases 1in statlc-pressure recovery obtained by the
application of suction. A total suction coefficient (CQl + CQQ) of 2.6

provided a galn in statlic-pressure recovery throughout the high—speed
range of Inlet—welocity ratio equal to about one-half of the dlfferences
between the values for slotless configuration I and the 1deal values
which are approached closely by & well—designed nose inlet.

Velocity distributions in intermal flow.— Representative distri-—
butlons of the flow veloclty at the lnlet and end—of—the~diffuser
measuring statlions of configuration V are presented in figures 20(a)
and 20(b), respectively. As previously noted, the inlet measuring
station actually was located in the diffuser after appreciable area
expansion; hence the veloclty ratlos given for thls gtation are lower
than those for the minimme-ares statlon of the entrance on whilch the
nominal inlet—weloclty ratios were based. With an Inlet-welocity ratlo
of 0.52 and a suction~flow coefficlent of 1.7, the flow—welocity
distributions at both statlons were very nonuniform, mainly because of
the thick residual boundary layer entering along the ramp. (See
fig. 13(b).) Inssmuch as the entering boundary layer thinned rapidly
with increaging inlet-wvelocity ratio (for example, see fig. 13(a)), the
flow distributions became apprecigbly more uniform as the inlet—welocity .
ratio was increased to 1.03 (fig. 20): The improvement in uwniformity
of the flow distribution caused by Ilncreasing the inlet velocity from
0.52 to 1.03 was much greater than that obtained at an inlet—velocity
ratlo of 0.52 by increasing the suctlion—flow coefficient from 1.7
to 2.6, Por which the improvement in flow uniformity was negligible.

Tt appears that a prohlbitively high suction—flow coefficient would be
required to obtaln a near-uniform veloclty dlstribution at the end of
the diffuser at low Inlet—velocity ratlos.

External drag.— Boundary—layer surveys were conducted at
station 8.0 both before and after installetion of the scoops. Section-
wake—drag increments for configurations V and VI calculated from these
measurements are pregented In filgure 21, In each case, installation
of the scoop reduced the drag over the span of the entrance and
increased the drag at the spanwise location of the gutter., The increase
in drag behind the giitter of conflguratlon VI was much greater than for
configuration V because of the low energy alr flowing out of the bypass
exit of configuration VI Just ahead of the measuring station.

The section—weke—~drag Iincrements of figuré_al were Ilntegrated in
the spanwlse direction to obtaln the over-sll increments 1n wake drag
at station 8 caused by installation of these two scoops. As shown by
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the lowest curve of flgure 22, the installation of scoop configuration V
reduced the wake drag at station 8 throughout the test range of inlet-—
velocity ratlo., Imstallation of scoop configuratlion VI also reduced
the wake drag at station 8 for inlet—velocity ratios above 1.0, but
increased the wake drag by a small amount in the high-speed range of
intet-velocity ratlo. Inasmuch as the wake drag of configuration V was
easentially unaffected by suction gquantity, conslderation of the effects
of suctlon quantity on the friction drag of the fuselage would not
appear necessary 1ln the determinastion of the optimum suctlon quantity.

The increment 1n external drag caused by installatlion of the scoop
in the bagic body 1s consldered to be the sum of the change In body
friction drasg and the drag of the suctlon flow. TIn order to obtaln an
indication of the extermal drag Increment chargeable to scoop configu—
ration V, the drag equivalent of the suction flow of thls arrangement,
calculated from the suction—flow guantlity and the total—pressure
recovery in the suctlon flow after diffusion, was added to the friction—
drag increment determined from the wake surveys at station 8 to cobtain
the two corrected drag—increment curves given in figure 22, In the
cage of configuration IV, no correction was necessary because the
surveys at station 8 covered the wakes of the bypass exits as well as
the wake of the scoop. The external drag increments for configuration V
obviously are slightly lower than the values which would be obtained if
e small additional total—pressure loss of 0.lg, or less was assumed to

occur 1n the suction ducting between the measguring station and the duct
exit. The externsel drag lncrements for configuration VI also are
slightly higher than the values which would be obtalned 1f the bypass
ducting of this arrengement was redesigned to reduce the previously
noted excessive ducting loss of about 0.15¢gq.

The externsl—drag—increment data of figure 22 indicate that
installation of an air scoop of this type in a reglon of comparable
boundary-layer thickness will not increase the external drag importantly
above an Inlet-veloclty ratlo of about 0.5, provided that the suction—
flow coefficlent 1s less than sbout 2.0 and provided that the bypass
exlts are properly located so that they do not upset the flow in a
critical region such asg the wing—fuselage Juncture. This conclusion is
applicable only to subcriticel Mach numbers. Further research 1s
required to establish the drag and other performsnce characiteristics of
this type of inlet at supercritical Mach numbers.

Critical Mach number,.— Representative surface pressure measurements
for configuration V are given 1n flgures 9 to 12. Critical Mach numbers,
figure 23, were predicted from these and similar measurements by means
of the Von Kfrm#n relation (reference 8). This relation 1s strictly
applicable only to the two—dimensional case; however, results reported
in reference 9 for nose Inlets show that this relatlon also is reasonably
accurate for the three—dimensional case so long as the criticel Mach
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number is not predicted from a sharp local pressure peak. The values
given are unconservative in that the induced velocitlies due to the
fuselage, wing, and so forth, were not simulated in the test setup.

The results of reference 9, however, also show that the actual critical
Mach number is appreciably higher than the critical Mach number predicted
from low—speed pressure measurements and that a further margin of the
ordey of 0.05 exists between the actual critical Mach number and the
force—break Mach number, Similar results have been observed in numerous
airfoll and wing Investigations, It 1s believed that these effects
approximately counterbalance the unconservatlasm of the pressure
measuremsnts so that no logses In pressure recovery or drag rises due
to shocks would occur at flight Mach numbers below the values presented.

The predicted criticel Msch numbers of configuration V were not
affected importently by varlations in suction quantity. (Compare perts
(a)} and (b) of fig. 23.) The critical Mech number of the installation
was sgtablished by the top surface of the scoop lip at the inlet-welocity
ratios below about 0.6, by the center section of the ramp at inlet—
velocity ratlios between about 0.6 and 0.8, and by the inner surface of
the glde of the scoop lip at inlet—velocity ratlos above about 0.8. The
limitation Imposed by the top surface of the scoop 1lip 1s not regarded
as lmportant because of the large delay in the force break which would
occur for thls component and because shocks In thls reglon would not
affect the intermal flow, Hence, the center sectlon of the ramp also
1a congidered to be the limiting factor at the inlet—wvelocity ratios
below 0.6.

The results of figure 23 indlicate that in the high—speed rangs of
inlet—veloclty ratio the scoop would perform essentlally as at low
speeds up to a Mach number of at least 0.8l, An appreciable delay in
adversge effects due to shocks appears possible through modiflcations to
the transitlon curvature at the crest of the rasmp. A further delay
could be obtalned by reducing the inclination of the ramp.

Degign inlet—velocity ratic.— The inlet—velocity ratio for
maximum total—-pregsure recovery at the end of the diffusers of configu—

rations V and VI was spproximately 0.8 at the lowest suction—flow coef—
ficilents investigated. (See figs. 15(b) and 15(c).) A much lower value
of Inlet—veloclty ratlio ls desirable for the hlgh—speed design condition
go that the correspondlng Inlet-veloclity ratios for teke—off and climb
will not be so large as to cause excesslvely low pressure recoveriles.

An inspection of figurss 15(b) and 15(c) shows that the total-pressure
recovery at the lowest suction—flow coefficlents decreased only a small
amount (0,025q, or less) when the inlet—veloclty ratio was decreased

to 0.6; but appreciable further reductions resulted in significant
logses. At the higher suction—flow coefficlents, decreases in total-
pressure recovery greater than 0.025q0 did not occur down to an
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Inltet—wvelocity ratio of 0.5. It appears, therefore, that single scoops
of this type should be deslgned for en inlet—veloclty ratio in the high—
speed condition of 0.5 to 0.6.

The flow into twin inbermally coupled inlets has been observed to
be unstable in a number of ingtallations when the inlets were opersted
at an inlet—velocity retlo below that for peak total-pressure recovery
at the end of the diffuser. This flow Instability apparently arilses
when some disturbance changes the flow quantlty into one inlet. Inss—
much as the flow quantlty to the englne tends to remain flxed, the flow
quantity Into the second inlet undergoes an oppogite and approximately
equal change. Then, since the total-pressure recovery in each duct
increeses with flow rate, the flow guantity continues to Increase into
one Intet and to decrease into the other inlet.

Results obtalined in an investigation at the Ames Aeronsutical
Leboratory (reference 10) show that the divergence in flow rates of twin
ducts Just described ceases when the gtatic pressures in the two ducts
become equal at their Juncture. This research also shows that this type
of flow instebility cannot occur if the static pressure in each duct at
its Juncture with the other duct decreases continuously with increasing
inlet~veloclty ratlio. Thus, as shown in figure 19, twin-duct instal—
latlons using the single—suctlon—slot version of scoop configuration V
or VI can be deslgned safely for high-speed Inlet—weloclty ratlos as
low as 0.5, the minimum value recommended for single scoops. An inspec—
tlon of the surface pressure distributions along the duct bottom,
figure 9(c), shows that the surface pressure for ;1'- = 0.31 is more

o

v

positive than that for $l = 0.52 for all longltudinal stations between
o

the inlet and the end of the diffuser; hence, this design value 1s

sabisfactory regardliess of the amount of area expansion that has been

obtalned between the duct entrances and the polnt of Juncture.

Optimm suctlon duantlty.— In order to cobtain an indication of the
optimmm suctlon gquantity, the effects of the suction flow in increasing
the maximum net thrust and reducing the corresponding specific fuel
consumption of an installatlon incorporating a typical Jet engine rated
at 4,000 pounds static thrust at sea level were computed for a typical
high—speed design condition, V5 = 600 miles per hour and %j; = 0.6.

o
The results of reference 11 were used to determine the effects of changes
in total—pressure recovery at the end of the diffuser on the performsnce
of the engine itself. The drag of the suction flow, computed from the
suctlon=flow quantities and the estimeted total—-pressure recoveries
in the suction flows &t the exits of the suction ducts, was subtracted
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from the increese in net thrust indlcated in reference 11 to cobtain the
over-ell increase 1n net thrust. In the case of the ramp suctlon slot
of configuration VI, the total—pressure recoverles in the exiting
suction flow assumed were those glven in figure 16(c). For all other
suction slots, a factor of 0.15q, was subtracted from the values

glven in figure 16 to allow for additional losses in the suction ducts
between the measuring statlons end the duct exlts. The results of the
computations, figure 24, represent the gains 1n performance cbtained by
the use of boundary—layer control relative to the performance of the
ingtallation using scoop configuration I. Boundary—-layer control would
be expected to effect appreciable gains in performence in this case or
in eny other case in which flow separstion occurs ahead of the inlet.

The application of boundary-layer suction is shown in figure 24 to
cause important increases in maximum net thrust and Importent decreases
in gpecific fuel consumptlon for all altitudes between sgea level and
k0,000 feet., The calculated specific fuel consumption decreased
regularly with increases in suctlon—flow coefficlent for both the single-
and two—glot arrengements. The calculated gain In maximum net thruet,
however, reached maximum valuss for both the single and two-slot
arrangements and then decreased as the drag of the suction flow began
t0 increase more repldly than the gain In thrust duwe to the suction,

At a total-suction coefficient CQ-]. + CQ2 of 2,6, the specific fuel

congumptions for the single—slot and two—slot versions of configu—~
ration V were the Same and the maximum net thrust for the two—slot
version was only about 1 percent greater than that for the single-slot
verglon., Thus, 1n view of the low total—pregsure recoveries obtained
in the second suction slot at higher values of inlet-wvelocity ratilo,
the use of a gecond suctlon slot of the type lnvestlgated agaln does
not appear Justilfied.

As shown by the data for configuration III, the peak value of
maximm net thrust for the single—slot versions of the present type of
gubmerged scoop apparently occurs at & suctlon—flow coefficient of 0.8
or below. However, inasmuch as the net thrust decreases only slowly
ag the suction—flow coefficlent 1s inoreased above thils value, a much
larger value of suction—flow coefficlent 1is desirable in order to
reglize a further decrease in specific fuel consumption. The results
for configuration V indicate that a suction-flow coefflclent as high
as 3 may be desirable, It 1s noted that the decrease in net thrust
cauged by the increase in suction—flow coefficient above the value for _.
peak net thrust probably can be minimized by redesigning the suction
glot to obtaln a lower slot entry veloclty ratio, Several investlgations,
guch as that of reference 6, have shown that an average flow veloclty into
the slot entry of 0.6 of the local flow velocity is approximately optimum.
With a main-duct inlet—velocity ratio of 0.6, the inlet—weloclity ratio of
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the ramp suction slot of conflguratlon VI was about 0.53 based on the
local flow velocity at a suction—flow coefficient of 1.8,

For the single-slot version of configuration VI, a suction—flow
coefficient of 1.8 (11.7 percent of the entering flow) produced
calculated increases of 6.2 and 6.4 percent in maximum net thrust at
ges level and 40,000-foot altitude, respectively. The corresponding
decreasges in specific fuel consumption were 5.1 and 3.l percent.

Variation of Boundary—-Layer Thickness

Average total-pressure recoveries in the main ducts of configu—
rations IIT and V are presented in figure 25 for the three initial
boundary—layer thicknesses investigated (fig. 7). The results for
boundary layers A and B, which had displacement thicknesses of 0.07h
and 0.085 inch, respectively, were very nearly the same for comparable
suctlion—flow coefficlients. Doubling the displacement thlckness of the
boundary layer, however, produced losses of as much as 0.08q0.

(Compare recovories at the ends of the diffusers for boundsry layers B
and C at equal values of the total suction—flow coefficient CQl + CQEJ

This result shows thet the suction~Flow coefficient required to obtain
a glven total-pressure recaovery is not independent of the initlal
boundary-layer thickness, but instead increases rapldly with increases
in the initial boundary—liayer thickness.

Aversge total-pressure recoverles in the ramp and second suction
slots of configuration V after area expsnsions of 2:1 are presented in
figure 26 for the three initiasl boundery-—layer thicknesses. It has been
shown previously that the total—pressure recovery in the ramp slot was
essentially independent of the suction—flow coefficient. The results
of figure 26(b) 1ndicédte, therefore, that the total-pressure recovery
in this slot is chenged only e small emount by variatlions in the
initial boundsry—layer thickness. It should be noted, however, that
even though the total-pressure recovery 1n this slot remainsg constant,
the drag equivalent of 1ts suctlon flow wlll increase continuously
with increases in 1nitial boundsry—layer thickness at a constant
suction—flow coefficlent because the absolute quantlty of suctlon flow
for & congtant suction—flow coefflicient varies directly with the
boundary—layer thickness.

Results of calculatlons of the effect of boundary—layer thickneas
on the maximum net thrust asnd corresponding specific fuel consumption of
8 Jet-englne installation using scoop configuration ITI are presented in
figure 27. The operating conditions considered are the sams as those
congldered in the preceding section of the paper. The calculation
procedure also was identical except that the differences in wake drag aft
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of the inlet for the three boundary layers was taken into account.
Increases in the thickness of the Inltiasl boundery leyer are shown to
cauge lmportant decreases in meximum net thiust and important increages
in the corresponding speclfic fuel consumption. These adverse effects
cennot be elliminsted by merely lncreasing the suction—flow coefficlent
becauge sttending incresges in the drag of the suctlon system would
offget any gain in total-pressure recovery obtained at the end of the
diffuser. Hence, the present type of inlet appears desirable for
application only at forward locatlions on the fuselage where the boundary
layer is relatively thin and not at downstresm locations such as might
be desirsble for an engine installed in the rear part of the fuselage.

[}
SUMMARY OF RESULTS AND CORCLUSIONS

A submerged alr scoop conslsbing essentially of a conventlonal
scoop located in a dimple in the fuselage surface has been investigated
preliminarily at low speeds both without and with boundary-—-layer control.
The more important results of the tests of this Inlet 1in the presence of
an iniltiasl turbulent bowmdary layer approximstely representatlive of full—
gcale conditions Just ahead of the wing of g flghter—type airplane in
the high—epeed high-eltitude flight conditlons are summerized as follows:

1. Without boundary-layer control, the peak total-pressure recovery
at the end of the 2:1 area ratio diffuser was 83 percent of the free—gtream
dynamic pressure and occurred st an inlet—velocity ratio of 1.l1. Appli-
cation of boundsry—layer control increased the pressure recovery merkedly
over the entire inlet-velocity—ratioc range and shifted the peak pressure
recovery to a much lower value of inlet—veloclity ratio.

2. When sufficient suctlon flow was provided to obtaein a peak total—
pressure recovery 8t the end of the diffuser of 90 percent or greater of
the free-stream dynamic pressure, the total-pressure recovery at this
point remained sbove 85 percent of the free—sgtream dynemic pressure over
a range of inlet-—velocity ratlo broad enough to cover the more important
flight conditions.

3. The total—pressure recovery was not critically sensitive o
small variations in suction—slot location and, for a given total suction
quantity, wes not increesed by the use of two slots in tandem.

h, Tt 1s indicated that installation of an inlet of this type will
not increase the external drag importently asbove an inlet-velocity ratioc
of about 0.5 provided that the suction flow is exited in a region which
ls not criticel with respect to flow separation.
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5. In the final arrengement tested, a suction quantity of
11.7 percent of the entering flow produced calculated increases in
maximm net thrust of 6.2 percent or grester and calculated reductions
in specific fuel consumption of 3.1 percent or greater (compared to the
basic inlet without boundary—layer control) for & typlcal jet-engine
installation opereting st & flight speed of 600 miles per hour,

6. It appears that the flow instabllity frequently encountered in
the case of twin internally coupled inlets wlll be avoided with this
arrangement for design high—speed inlet—veloclty ratios as low as 0.5.

Apprecisble Increages in the thickness of the Initiel boundary
layer caused significant decreases in inlet performence which cannot be
overcome glimply by increasing the suctlon quantity. Hence, the present
type of inlet appears desireble for application only at forward locations
on the fuselags where the boundary layer 1s relatively thin and not at
aft locations such as might be desirsble for an engine installed in the
resr part of the fuselags.

Further research on the present type of inlet — including, in par—
ticular, messurements of the total drag — appears desirable. Tests at
transonlc speeds to establish the high—speed characteristics and complete
model tests to establisgh the effects of plich and yaw are necessary
before the inlet can be recommended for appllication.

Langley Aeronsutical Laboratory,
National Advisory Committee for Aeromsutics,
Langley Field, Va., January 24, 19°0.
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TABLE TT
ORDINATES OF CENTER-LINE SECTION OF LIP OF

SCOOP CONFTGURATIONS ITT TO VI

Station O
¥ onx r Fout elage surface (y = 0) Station T7.59
77 7 i
///// ,', A T T 77 77777 7777
in
Vs
17
b
x Yout ¥in
0.160 | -0.150 | —0.150
200 | ~.080 { —.230
a4 | ~.050 | —.280
320 .000 —.360
:%é’g o :‘égg A11 linear dimensions are in inches.
.B20 A75 | —-.600
980 | .97 | -.658
1.145 +223 —.ﬁo
1.h70 250 | 845
1.800 250 | ~-.955
2.000 240 | —1.023
2.500 225 | —-1.183
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except that slot was 0.43 inle

Flgure 2.- Views of typical scoops.
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(b) Finsl vereion of configuration III with modified slot, scoop lip, and gutters.
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Figure 2.- Continued.
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(¢) Configuration IV.

Figure 2.- Continued.

LEHE NI VOUN

44



P " i

(d) configuration Vi, side view.

Configuration V was identical except for absence of bypass exits.

Figure 2.- Continued.
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(e} Configurstion VI, plan view.

Configuration V was identical except for abaence of bypass exits,
R
T=599113

Figure 2.- Concluded.
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Figure 15.- Averasge total-pressure recovery et inlet and end of diffuser as a function of inlet-velocity

ratlo and suction quantity.
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(b) Configuration V.
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Figure 15.- Continued.
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